We present a model which relates the width of the Broad Emission Lines of AGN to the Keplerian velocity of an accretion disk at a critical distance from the central black hole. This critical distance falls in a region bounded on the inward side by the transition radius between the radiation pressure and the gas pressure dominated region of the accretion disk and on the outward side by the maximum radius below which a stabilizing, radially accreting and vertically outflowing corona exists.
the origin of the BELCs and that the widths of the BELs are the Keplerian velocities of the accretion disk at the radius where this wind arises. The disk wind forms for external accretion rates higher than a minimum value below which a standard SS-disk (SS73) is stable and extends down to the last stable orbit.
The model explains the observed range of FWHM in the BELs of AGN as a function of a single physical quantity connected with the AGN activity: the accretion rate. In §2 we present our model, and show the basic equations which support our findings. In §3 we discuss the observational consequences and compare with exisiting data.
The Model
The three main ingredients of our model are: (a) the transition radius r tran , derived by setting equal the radiation pressure at r < r tran and the gas pressure at r > r tran , in a standard SS-disk (SS73): 
(b) the approximate analytical relationship giving the fraction of energy dissipated in the corona, in a dynamical disk/corona configuration (WCZ97):
and (c) the maximum radius below which a stable co-accreting disk/corona configuration can exist, obtained by setting β = 0 (WCZ97):
In the above equations we have used dimensionless quantities:
, and R 0 = 6GM/c 2 , for a non-rotating black hole; here η is the maximum efficiency. Finally, f gives the boundary conditions at the marginally stable orbit: f = f (r) = (1 − r −0.5 ).
We note that (with the adopted units) r max does not depend on the mass, while r tran depends only very weakly on it. However both these critical radii depend on the accretion rate and, interestingly, with similar powers. This results in a quasi-rigid radial shifting of the region delimited by these two distances as the accretion rate (in critical units) varies. From equations 1 and 3 we can estimate the total radial extent of this region to be of the order of ∼ 10 times r tran , for m = 10 8 andṁ = 1 1 . Equation 1 allows us to define the minimum external accretion rate needed for a thermally unstable radiation pressure dominated region to exist. From the condition r > 1.36 (the limit of validity of the SS-disk solution) we have:ṁ > ∼ṁmin (m) ≃ 0.3η(αm) −1/8 . Throughout this paper we assume η = 0.06, and a viscosity coefficient of α = 0.1, which give a minimum external accretion rate ofṁ min ∼ (1 − 4) × 10 −3 , for m in the range 10 6 − 10 9 . At lower accretion rates a SS-disk (SS73) is stable down to the last stable orbit: we propose that all the available energy is dissipated in the disk and no radiation pressure supported and driven wind is generated. AGN accreting at these low external rates should show no BELs in their optical spectra. For accretion ratesṁ > ∼ṁmin a SS-disk is unstable (Lightman & Eardley, 1974 ) and a stabilizing, co-accreting "disk/corona + outflow" system forms (WCZ97). The fraction of energy dissipated in the corona, and powering the vertical outflow, is maximum at r max and decreases inward following equation 2 (see also Fig. 6 in WCZ97). At radii smaller than r tran the available energy is almost equally divided between the disk and the corona (WCZ97). We then adopt an averaged radius r wind for the transonic outflow (and so for the BELRs), obtained weighting the radial distance by (1 − β) -equation 2 -, between r tran and r max . We computed r wind numerically for several values of m andṁ.
In the next section we discuss the implications of our model for linking the gas of the BELR in type 1 AGN and the accretion mechanism.
Dynamical Properties
We calculated the orbital velocities at r wind under the Keplerian assumption: β(r wind ) = v/c = (6r wind ) −1/2 . We then transformed these velocities to Full Width Half Maximum (FWHM) values of the lines emitted by these clouds of gas using the relationship: FWHM= 2(< v 2 >) 1/2 (Netzer, 1991) , where
2 is the averaged Keplerian velocity in a cylindrical geometry. In Figure 1 we show the relationship between the accretion rate (in the rangeṁ min (m) − 10) and the expected FWHM(r wind ) (solid, thick curves) and FWHM(r max ) (dashed, thin curves), for m = 10 6 , 10 7 , 10 8 , 10 9 . These curves are independent on the mass of the central black hole, and so they overlap in the diagram of 1 AGN accrete at higher accretion rates compared to broad line objects, as in the Pounds et al. (1995) suggestion. However, the mass of the central black hole in NLSy1 does not need to be smaller than that of broad line type 1 AGN, which reconciles the NLSy1 paradigm with the recent results of WPM99 and the mass estimate for the NLSy1 galaxy TON S180 (Mathur S., private communication). Table 2 in WPM99.
Comparison with Observations
For each point the grid of Figure 2 allows one to uniquely determine the predicted accretion rate and black hole mass. We calculated the ratio ξ between the measured (WPM99) dimensionless luminosity ℓ = (L ion /L Edd ) and the predicted accretion rate. ξ is then a measure of the relative efficiency (compared to the maximum radiative efficiency η: ξ = ǫ/η, where ǫ = L ion /Ṁ c 2 ) with which the accretion power is 2 However, according to the model for the quasar structure proposed by Elvis (1999) , a more complete and satisfactory explanation is that the high and low ionization BELs are actually produced in two separate regions of the outflow: in the vertical part, at a height z < r from the disk surface (high ionization lines), and in the radially displaced part (low ionization lines) located at z > r (WCZ97) and shadowed by the vertically flowing gas (Elvis, 1999 ).
-7 -converted into ionizing luminosity. We found that ξ is correlated with the measured mass of the central black hole: ξ = 10 −(0.4±0.9) × M (1.00±0.14) 8
, R = 0.68, corresponding to a probability of P(>R;N=16) = 0.4 % (Figure 3 . We do not consider here the tree objects of the WPM99 sample for which only upper limits on the central black hole mass were available). The correlation is still significant (R = 0.62, P(>R;N=15) = 1.3 %), when the object (NGC 4051) with the lowest mass and relative radiative efficiency is removed.
This observational result is not an obvious consequence of our model and needs study. This correlation may explain why we do not see very-low mass AGN ( < ∼ 10 4 M ⊙ ): the efficiency in converting accretion power into luminosity may be too low for such objects.
Testing the Model

Observed Broad Line Widths
In the framework of our model, those AGN showing particularly broad emission lines (FWHM∼ 15, 000 − 20, 000 km s −1 ) in their optical spectra are objects which are accreting at very low rate, close to but higher thanṁ min (m). Their expected ionizing luminosity is then given by • The Keplerian velocity of the BELCs around the central black hole depends critically on the accretion rate. The entire observed range of velocities (FWHM) in type 1 AGN is naturally reproduced in our model allowing the accretion rate to vary from its minimum permitted value to super-Eddington rates.
• For accretion rates close to the Eddington value, the expected FWHM are of the order of those observed in NLSy1. Lower accretion rates give instead FWHM typical of broad line type 1 AGN.
For very low accretion rates the BELCs would not longer exist giving an upper limit to the allowed FWHM of the BELs, consistent with observations. This limit could explain the absence of BELs in Low-Luminosity AGN. Existing optical data of LINERs are consistent with this prediction.
• In physical units, the distance at which the BELCs would form, is a steep function of both the accretion rate and the mass of the central object. The predicted relationsips agree with the observed masses, FWHM, and distances (WPM99).
• We find an empirical relationship which suggests that the radiative efficiency of higher mass black holes is greater than that for lower mass black holes. 
